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(57) ABSTRACT

A memory device (1) includes a memory array (2). The
memory array (2) has at least one memory area (5) that
includes a plurality of conductive lines (3) and a plurality of
memory cells (4) connected to the conductive lines (3). The
conductive lines (3) are arranged at positions (n) within the
memory area (5). The memory cells (4) are erasable and are
programmable by application of an electrical programming,
pulse (P) supplied via a respective conductive line (3). The
memory device (1) 1s constructed such that for programming
of a memory cell (4) an electrical programming pulse (P) 1s
applied which has a programming pulse profile (PP) depend-
ing on the position (n) of a respective conductive line (3) to
which the memory cell (4) 1s connected.

27 Claims, 5 Drawing Sheets
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Providing a memory cevice 1 comprising a memory array 2
having a plurality of equally sized memory areas 5, each
memory area 5 comprising a respective plurality of conductive
ines 3 and a respective plurality of memory cells 4
connected to the conductive lines 3

Applying a programming pulse PO to all memory cells 4 of the
first memory area 5' via the conductive lines 3, the programming
pulse PO having a programming pulse profile PP0 being
uniform for all memory cells of the first memory area 5

cvaluating for each conductive line of the first memory area 5
the number of memory cells 4 which have actually been
programmed via a respective conductive fing 3

Defining for each conductive line of the first memory area 5'
an individual programming pulse profile PP the individua
programming pulse profile PP depending on the number of
memory cells 4 conngcted to the respective conduvtive line 3
which have actually been programmed

otoring programming pulse profile data D associated with the
individual programming puise profiles PP defined, the stored
programming pulse profile data D serving to generate
programming pulses P having programming pulse profiles PP |
Deing inaiviaual for each position n, within a memory area b5,
01 a conductive line 3 via which a programming pulse is
applicable to memory cells connected thereto-
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MEMORY DEVICE AND METHOD FOR
OPERATING A MEMORY DEVICE

TECHNICAL FIELD

The present invention relates generally to semiconductor
devices and methods and, 1n a particular embodiment, to a

memory device and method for operating a memory device.

BACKGROUND

The 1nvention relates to memory devices comprising a
memory array having a plurality of non-volatile memory
cells, ike NROM memory devices (nitride read only
memory) or devices comprising floating gate transistor cells,
for istance. The invention 1n particular refers, for instance,
to flash memory devices comprising sectors of non-volatile
memory cells, all memory cells of a particular sector being,
erased commonly 11 an erasing operation 1s performed 1n the
respective sector of the memory array. The invention further
refers to memory devices comprising memory cells that each
are capable of storing at least one first bit at a first bit
position and at least one second bit at a second bit position
different from the first bit position, like twin-flash memory
cells and multi-level cells.

In an actual memory device, predefined electrical poten-
tials are provided 1n order to erase, to program or to read out
memory cells. Conventionally the magnitude of these poten-
tials 1s uniform for all memory cells of the memory device
to which these respective potentials are applied. For
instance, for programming any one of the memory cells, a
predefined programming voltage 1s applied to an electrode
of the respective memory cell to be programmed. The
programming voltage 1s applied to the memory cell via a
conductive line like a bitline, for instance. Further lines like
wordlines, for instance, may be used for biasing further
clectrodes of the memory cells. However, 1n any case at least
one predefined potential (like the programming voltage) 1s to
be supplied 1n order to change the information stored in the
memory cell.

The minimum voltage at which the information 1s actually
changed 1n a memory cell 1s hereinbelow referred to as the
threshold voltage. If a programming voltage having a mag-
nitude larger than the threshold voltage of the memory cell
1s applied, the memory cell 1s programmed.

In an actual memory device the threshold voltage of a
particular memory cell depends on the dimensions of micro-
clectronic substructures of the respective memory cell. The
threshold voltage mainly depends on the gate length. Fur-
thermore, spatial dimensions like the gate oxide thickness,
like dopant concentration profiles of source/drain regions
and of LDD regions (lightly doped drain) as well as parasitic
cllects resulting from microelectronic structures arranged
close to the memory cell all may nfluence the exact mag-
nitude ol the threshold voltage of the individual cell.
Accordingly, 1n an actual memory device each memory cell
has a slightly different threshold voltage.

In particular 1n case of flash memory devices, apart from
tolerances 1n the exact dimensions of the structural elements
of the memory cell (due to lithographic parameters and
misalignments), the voltage-draimn-source eflect, for
instance, influences the threshold voltage. The voltage-
drain-source eflect entails diflerent degrees of programming
clliciency that depending on whether, 1n a transistor cell
structure having two bit positions for storing one respective
bit (or multi-bit due to multilevel cells), the other bit 1s
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programmed or not. Furthermore, other intrinsic and sys-
tematic design related effects also may 1nfluence the thresh-
old voltage.

Furthermore, 1n case of a tflash memory having NROM
twin tlash memory cells, pairs of memory cells are provided,
cach pair being formed of a transistor structure based on
MOSFET technology and including a charge-trapping layer
like a silicon nitride layer capable of storing two digital
information above a respective first and/or second source/
drain region. Depending on whether the programming volt-
age 1s supplied to a conductive line contacting the first
source/drain region of the memory cell or to the other
conductive line contacting the second source/drain region of
the memory cell, either a first bit (close to the first source/
drain region) or a second bit (close to the second source/
drain region) 1s programmed. Since the total amount of
clectrical charges stored 1n the charge-trapping layer 1s the
sum of the electrical charges constituting the first and the
second bit, the threshold voltage for programming one of
these bits depends on the programming status (programmed
or erased) of the respective other bit. Due to this program-
neighbor-etlect, 1n the respective other cell of the cell pair
leakage currents to a further conductive line (for instance to
an adjacent conductive line) influence the threshold voltage
for programming the other bit 1n the cell parir.

The threshold voltage of an individual memory cell 1s
turther influenced by differences of the layout and the design
of the memory cells and their contacts to conductive lines.
In general any arrangement of conductive elements 1n close
distance from the memory cell influences the magnitude of
a threshold voltage.

Accordingly, there are several influences on the threshold
voltage of the particular memory cell, at least some of these
influences being systematic due to the overall design of the
memory array.

Usually a memory array comprises a plurality of equally-
s1zed subsections (memory areas) arranged at distances from
one another, which distances are larger than the distances
between two memory cells within the same subsection. Due
to the limited access time for programming the memory cells
and to the limited conductivity of thin conductor lines
accessing the memory cells, segmented conductive lines
(segmented wordlines or bitlines) are usually provided.
Furthermore, sense amplifiers arranged in plural columns or
rows lurther subdivide the memory array, for instance.
Accordingly, any memory array comprises equally-sized
memory areas that have the same corresponding internal
design and layout. Since all memory areas are equally sized,
cach memory area comprises the same number of memory
cells and the same number of conductive lines connecting
the memory cells. Even when considering that the internal
design of many of these memory areas 1s mirror-inverted
with view to the internal design of further memory areas, all
these memory areas are corresponding to one another.

In case of flash memories comprising sectors of com-
monly erasable memory cells, the memory areas are sub-
sections of the sectors, for instance. Within a memory area,
the threshold voltage of the memory cells 1s at least partially
influenced systematically by the position, within the
memory area, of the conductive line (for providing the
programming voltage) to which the memory cell 1s con-
nected.

SUMMARY OF THE INVENTION

In one aspect, the present invention improves program-
ming ol memory devices that include a plurality of equally-
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sized memory areas. In particular, one embodiment of the
invention obtains a uniform performance of programming
operation that 1s less dependent on the position of the
memory cell within the memory array. Furthermore, in
another aspect, the invention compensates varying magni-
tudes of the threshold voltage of the memory cells com-
prised 1n the memory device and to improve reliability of
programming operation of a memory device.

In a first embodiment, a memory device includes a
memory array. The memory array has at least one memory
area that includes a plurality of conductive lines and that
includes a plurality of memory cells coupled to the conduc-
tive lines. The conductive lines are arranged at positions
within the memory area. The memory cells are erasable and
are programmable by application of an electrical program-
ming pulse supplied via a respective conductive line. The
memory device 1s constructed such that, for programming of
a memory cell, an electrical programming pulse 1s applied
that has a programming pulse profile depending on the
position of a respective conductive line to which the
memory cell 1s connected.

One 1dea of the invention 1s to provide, for programming,
of the memory cells, programming pulses that compensate
systematic influences on the threshold voltage of the respec-
tive memory cells resulting from their positions within the
memory array. In particular, embodiments of the mnvention
exploit the circumstance that the memory array includes at
least one (or a plurality of plural equally-sized) memory area
in which the same systematic influences on the threshold
voltage or on the programming efliciency of memory cells at
corresponding positions within the memory area occur. Such
systematic ifluences may, for mstance, occur at an edge of
a memory area or at another position with specific arrange-
ments of surrounding structural elements. However, 1n gen-
cral these systematic intluences are observed all over the
memory area. In addition, further systematic influences
depending on the respective technologiy and concept of the
memory array design may occur at the edges of the memory
areas, for instance.

According to embodiments of the mmvention, a memory
device 1s provided that allows to generate programming
pulses having non-uniform pulse profiles. The programming
pulse profiles depend on the position of the conductive lines
(to which the memory cells are connected) within a memory
area.

Preferably, the memory device generates a programming,
pulse having a programming pulse profile depending on the
position, within the memory area, of the conductive line to
which the memory cell to be programmed 1s connected. Any
memory cell that 1s addressed for a programming operation
receives a programming pulse that 1s individual for the
respective conductive line. Thereby systematic influences of
the conductive line position within the respective memory
area (like a position near a memory area edge or a centred
position) are compensated, for instance.

Preferably, the memory array comprises a plurality of
equally-sized memory areas, each memory area comprising
a respective plurality of conductive lines and a plurality of
memory cells connected to the respective conductive lines,
and the conductive lines of each memory area are arranged
at positions that correspond to positions of the conductive
lines of the other memory areas. According to this embodi-
ment the programming pulse profiles depend on the internal
positions of the conductive lines within a respective memory
area. Preferably, programming pulse profiles are indepen-
dent from the particular memory area in which a conductive
line 1s arranged. Since all memory areas are equally
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designed like duplicates of one another, the positions at
which the conductive lines are arranged within a memory
area are common to all memory areas. Accordingly, system-
atic influences depending on the memory area-internal posi-
tion ol conductive lines preferably are compensated by
programming pulse profiles being individual for each con-
ductive line of a memory area but being uniform for all
memory areas.

Preferably, the memory device, 1n order to program a
memory cell connected to a conductive line, generates a
programming pulse having a programming pulse profile
depending on an area-internal position of the conductive line
to which the memory cell to be programmed 1s connected.
Accordingly, each memory cell connected to a particular
conductive line recerves a particular programming pulse (1f
selected for a programming operation) which 1s individual
for the particular conductive line. Thereby systematic 1nflu-
ences of the conductive line position within the respective
memory area (like a position near a memory area edge or a
centred position) 1s compensated, for instance.

Preferably, the memory device attributes programming,
pulse profile data corresponding to programming pulses
having individual programming pulse profiles to the con-
ductive lines of the memory areas, wherein to all conductive
lines located at the same corresponding position 1n any one
ol the respective memory areas the same programming pulse
profile data are attributed. Thereby systematic influences of
the internal memory area design occurring in all memory
areas are compensated.

Preferably, the programming pulse profile data are stored
in the memory device. The programming pulse profile data
may be stored 1n a separated memory region of the memory
device or mm a part of the memory array reserved for
programming pulse profile data, for mstance.

According to one embodiment, the memory device, for
programming of a memory cell, generates a programming
pulse having a programming pulse width depending on the
programming pulse profile data. Furthermore, the program-
ming pulse may be generated such that the programming
voltage 1s uniform for all memory cells of the memory area.
According to this embodiment, the magnitude of the pro-
gramming voltage supplied to any conductive line i1s chosen
identical for all conductive lines of the memory device and
the width of the respective programming pulse 1s varied in
accordance with the position of the respective conductive
line to be biased. Accordingly, systematic influences on the
threshold voltage are compensated.

According to another embodiment, the memory device,
for programming of a memory cell, generates a program-
ming pulse having a programming voltage depending on the
programming pulse profile data. Furthermore, the memory
device may be configured such that the programming pulse
width 1s uniform for all memory cells of the memory array.
According to this embodiment the pulse width i1s chosen
identical for all conductive lines and for each memory cell
to be programmed via the respective conductive line. The
programming pulse, therefore, has a magnitude (that 1s a
programming voltage magnitude) associated with the pro-
gramming pulse profile data and depending on the respective
position of the conductive line within the respective memory
area.

Furthermore, of course 1t 1s possible to combine program-
ming pulse width variation and programming voltage varia-
tion with one another.

Preferably the conductive lines are bitlines.

Preferably the non-volatile memory cells each comprise a
charge-trapping layer stack disposed between a respective
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wordline and a respective active area. The wordlines are
extending 1n another direction than the bitlines. The word-
lines may be disposed directly on the charge-trapping layer
stack. The charge-trapping layer stack preferably comprises
a charge-trapping layer sandwiched between a bottom
dielectric layer and a top dielectric layer. The dielectric
layers may be oxide layers. The charge-trapping layer pret-
crably 1s a nitride layer, for instance a silicon nitride layer.
The charge-trapping layer serves to store electrical charges
in locally bound positions. The locally bound positions 1n
which the charges are storable preferably are arranged, in
lateral direction, at opposed ends of a channel region close
to two source/drain regions. Depending on the amount of
clectrical charges scattered into the charge-trapping layer at
the respective bit position (due to the voltage applied to the
respective conductive line), plural bits are storable at each
bit position of a multi-level cell.

According to a preferred embodiment, the memory array
comprises a plurality of sectors, each sector comprising a
plurality of equally-sized memory cells, the memory cells of
all memory areas of a sector being commonly erased when
erasing memory cells of the respective sector. According to
this embodiment, a flash memory device 1s provided com-
prising sectors of memory cells that are only erasable
commonly and simultaneously. However, the memory areas
of equal s1ze and internal design are, preferably, sub-sections
of the sectors and are much smaller than the sectors. For
instance, a memory device may comprise a memory array
having 1,024 or 4,096 sectors, for instance, each sector
comprising 2” memory areas, for instance 64 or 128 memory
areas, and each memory area comprising 66 bitlines and 256
wordlines. Of course these numbers are just for 1llustration
and are arbitrary.

According to an exemplary embodiment of the memory
device, for programming ol a memory cell connected to a
conductive line disposed along an edge of any one of the
memory areas, generates a programming pulse having a
programming pulse profile being different from program-
ming pulse profiles for programming of memory cells con-
nected to conductive lines disposed more distant from the
edges of the memory areas. Accordingly, the programming
pulse profile data (which in general generate programming
pulses of individual pulse profiles for each conductive line
positioned within the memory areas) generate particularly
different programming pulse profiles depending on whether
a memory cell arranged close to an edge of a memory area
or whether a memory cell arranged more distant from the
edges of a memory area 1s to be programmed. Thereby
increased influences of chip mternal design at the edges and
the circumierence of the respective memory areas on the
threshold voltage are compensated, for instance, by
increased or reduced programming pulse magnitude and/or
programming pulse width.

Preferably, each memory cell 1s connected to a respective
first and second conductive line via which the programming
pulses are suppliable to the respective memory cell, and
preferably each memory cell at least 1s capable of storing a
first bit and a second bit. In particular, preferably each
memory cell 1s capable of storing at least one first bit 1n a
first bit position and at least one second bit 1n a second bit
position different from the first bit position. Accordingly, a
memory device comprising memory cells for storing bits in
at least two different bit positions 1s provided, at each bit
position the respective bit(s) being programmable by appli-
cation of a programming pulse to one of the conductive lines
to which the respective memory cell 1s connected. In case
that the memory device 1s a flash memory device, the
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memory cells preferably are twin-flash memory cells. In
particular 1n case of NROM memory cells, the first and
second bits are storable by electrical charges stored 1in
locally bound positions 1n a first region and a second region
of a charge-trapping layer. The memory cells preferably are
multi-level cells that are capable of storing more than one
bit. In case that the multi-level memory cells, more than one
bit 1s storable at each of the two bit positions. For instance,
at a first bit position as well as at a second first bit position
a multitude of bits (for instance between 2 and 4 bits) may
be storable. The first and second bit positions for instance are
arranged near opposite source/drain regions of a memory
cell transistor structure.

Preferably, the memory device 1s configured such that the
at least one first bit of a memory cell 1s programmed by
applying the programming pulse to the memory cell via the
first conductive line and that the at least one second bit of the
memory cell 1s programmed by applying the programming
pulse to the memory cell via the second conductive line.
Accordingly, the first bit storable at the first bit position
(close to a first source/drain region) 1s programmable by
application of a programming pulse via the first conductive
line whereas the second bit storable at the second bit position
(close to a second source/drain region) 1s programmable by
application of a programming pulse via the second conduc-
tive line. In case of multi-level cells, all bits storable at the
first bit position (close to the first source/drain region) are
programmable by application of programming pulses via the
first conductive line whereas those bits storable at the second
bit position (close to the second source/drain region) are
programmable by application of programming pulses via the
second conductive line. The respective programming pulses
may depend on the number of bits already stored at the
respective bit position (and may further depend on the
number of bits already stored at the respective other bit
position). According to embodiments of the invention, the
programming pulses further depend on the position of the
respective conductive line (to which the respective memory
1s connected) within the memory area.

Accordingly, for programming a first bit, a programming
pulse 1s applied to the first conductive line to which the
memory cell 1s connected whereas a second bit 1s pro-
grammed by applying a corresponding programming pulse
to the second conductive line to which the memory cell 1s
connected. Apart from these conductive lines, which pret-
crably are bitlines, each memory cell 1s connected to a
respective wordline. For programming the memory cell, a
wordline potential 1s applied to the wordline, which word-
line potential enables programming of the memory cell (or
of at least of one bit of the memory cell) by additionally
applying a programming pulse to one of the bitlines at a time
when the wordline 1s still biased with an appropriate word-
line potential. By simultaneous application of the wordline
potential to the wordline and of the programming pulse to
one of the bitlines, a bit of the memory cell 1s programmed.

In another embodiment, the invention discloses a method
for operating a memory device that includes a memory array
having at least one memory area that comprises a plurality
of conductive lines and a plurality of memory cells con-
nected to the conductive lines, the memory cells being
programmable by application of a programming pulse sup-
plied to the conductive line to which the memory cell 1s
connected, wherein programming of a memory cell includes
generating a programming pulse having a programming
pulse profile that depends on a position, within the memory
area, of the conductive line to which the memory cell 1s
connected.
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By this method the memory device 1s operated such that
programming pulses having a pulse profile appropriate for
compensating systematic influences of the chip design on
the threshold voltages are generated. Accordingly, each time
when any memory cell 1s to be programmed (selectively to
all other memory cells of a memory area), a programming
pulse having a pulse profile specific for the position of the
conductive line (to which the memory cell to be pro-
grammed 15 connected) 1s generated and transmitted to the
respective conductive line.

The position of a conductive lines within the memory area
may be i1dentified by the number of the respective conduc-
tive lines within the memory area or within a sector. For
instance, the conductive line address (like a bitline address)
may be used to 1dentily the position of the conductive line.
Alternatively, reversed conductive line numbers (starting
from the largest number and ending with “0”) may be used
for i1dentification of the conductive line position, for
instance.

Preferably, programming of a memory cell includes gen-
erating a programming pulse in accordance with program-
ming pulse profile data stored in the memory device. The
programming pulse profile data constitute the desired pulse
profile to be generated when memory cells are to be pro-
grammed. Accordingly, the programming pulse profile data,
for instance, define the temporal length (duration) of the
programming pulse profile to be established (the pulse
width) and/or the programming voltage (that 1s the magni-
tude of the programming pulse). Accordingly, the memory
device reads out those programming pulse profile data that
correspond to the position of the respective conductive line
and generates one programming pulse having the desired
programming pulse profile in accordance with the program-
ming pulse profile data. The desired programming pulse 1s
then transmitted through the respective conductive line to
the memory cell to be programmed.

Preferably, programming of a memory cell includes gen-
erating a programming pulse having a pulse width being
individual for the conductive line to which the memory cell
to be programmed 1s connected, the programming pulse
being defined by programming pulse profile data associated
with the position, within the memory area, of the conductive
line. Furthermore, programming of the memory cell includes
generating a programming pulse having a programming
voltage being uniform for all memory cells of the memory
array.

Alternatively, programming ol a memory cell includes
generating a programming pulse having a programming
voltage being individual for the conductive line to which the
memory cell to be programmed 1s connected, the program-
ming pulse being defined by programming pulse profile data
associated with a position, within the memory area, of the
conductive line. Furthermore, the programming pulse width
of the programming pulses preferably are chosen uniform
for all memory cells of the memory array.

Of course, imndividual pulse width variation and program-
ming voltage variation may be combined with one another,
cach depending on the respective position of the respective
conductive line within the memory area.

Preferably the memory device 1s configured such that
cach time when a memory cell 1s to be programmed, a
respective electrical programming pulse having a program-
ming pulse profile that depends on a position, within the
respective memory area, of the conductive line to which the
respective memory cell 1s connected 1s generated.

Preferably the memory cells each comprise source/drain
regions connected to the respective conductive line, the
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generated programming pulse being supplied to the source/
drain region of the respective memory cell to be pro-
grammed.

In particular, twin flash memory cells may be used that
cach form a cell pair realized by one single transistor
structure but comprising two portions, each portion storing
one respective bit or, in case of multi-level cells, respective
plural bits (for 1nstance two respective bits on each portion
or bit position). The bit of the respective portion of the pair
of memory cells 1s storable or stored in a region of a
charge-trapping layer arranged 1n lateral direction above one
respective source/drain region. A twin tlash memory cell
pair 1s connected to two conductive lines (bitlines), one of
the conductive lines being used as a sensing line and the
other conductive line being used as a bitline for program-
ming one of the bits in the twin flash cell pair. When the
other conductive line to which the twin flash cell 1s con-
nected 1s supplying the programming pulse, the other bit 1s
programmed 1n the twin flash memory cell. When the first
conductive line supplies the programming pulse, that portion
of the twin flash memory cell (in which a bit 1s programmed
thereby) 1s considered to be connected to the first conductive
line. Accordingly, the other portion of the twin flash memory
cell 1s connected to the second conductive line.

In another embodiment, the invention provides a method
for configuring and operating a memory device comprising
a memory array having at least one memory area that
comprises a plurality of conductive lines and a plurality of
memory cells connected to the conductive lines, the memory
cells being programmable by application of a programming
pulse supplied to the conductive line to which the respective
memory cells are connected,

wherein the method comprises the steps of:

a) sequentially programming all memory cells of a first
memory area using a uniform programming pulse having a
programming pulse profile being uniform for all memory
cells of the first memory area;

b) evaluating for each conductive line of the first memory
area the number of memory cells that have actually been
programmed 1n step a);

¢) defiming for each conductive line of the first memory
area an 1individual programming pulse profile, the individual
programming pulse profiles depending on the number of
memory cells connected to the respective conductive line
that have actually been programmed in step a); and

d) storing programming pulse profile data associated with
the individual programming pulse profiles defined, the
stored programming pulse profile data serving to generate
programming pulses having programming pulse profiles that
depend on the positions of the conductive lines within the
memory area.

According to this method, programming pulse profile data
are stored that are defined for each conductive line after
testwise programming of a first memory area and evaluating
of the number of memory cells of the first memory area that
have actually been programmed. The first step a) of pro-
gramming all memory cells of the first memory area 1is
performed using a programming pulse that has a uniform
programming pulse profile (that does not depend on a
particular conductive line or the number or position thereot).
The uniform programming pulse serves to provisionally
obtain a test result indicating the degree of reliability of
programming when applying the uniform programming
pulse to the individual conductive lines. By evaluating the
number of memory cells that have been programmed
thereby, an indicator for the reliability 1s obtained, which 1s
used 1n step ¢) for defining individual programming pulse
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profiles (for instance having individual pulse widths for each
conductive line) to be applied later when programming of
memory cells during operation of the memory device.

In particular, the imndividual programming pulse profiles
are chosen such that the respective numbers of programmed
memory cells for each conductive line evaluated 1n steps a)
and b) are taken into account. For instance, in the case that
for a particular conductive line the number of memory cells
actually programmed 1n step a) 1s less than the total number
of memory cells connected to this conductive line (or less
than a portion thereof, like 90%), an improved individual
programming pulse profile having an increased program-
ming voltage and/or an increased temporal pulse width 1s
defined for this particular conductive line. For each conduc-
tive line an individually optimized programming pulse pro-
file 1s defined for programming pulses to be applied later to
the respective conductive line. In step d) programming pulse
profile data are stored in the memory device (or 1n another
external memory), which data are associated with the indi-
vidual programming pulse profiles defined in step c¢). The
stored programming pulse profile data enable generation of
programming pulses having the predefined programming
pulse profiles each time when any programming operation 1s
performed during normal mode operation of the memory
device. Thereby suflicient reliability of programming opera-
tions 1s obtained for each individual conductive line.

Preferably, i step c¢) programming pulse profiles are
defined that depend on the maximum threshold voltage of all
respective memory cells connected to the particular conduc-
tive line. Since each memory cell may have a slightly
different numerical value of the threshold voltage of the
mimmum programming voltage to be applied, the defined
programming pulse profiles are chosen such that their pro-
gramming voltage 1s larger than the maximum threshold
voltage of any of the memory cells connected to the respec-
tive conductive line. Thereby reliable programming of all
memory cells connected to a conductive line 1s assured.

Preferably, prior to step d), steps a), b) and ¢) are executed
a second time, by the second execution programming
memory cells of another, second memory area being pro-
grammed and for each conductive line of the second
memory area individual programming pulse profiles being
defined. Before executing step d), the defined programming
pulse profiles obtained for the first memory area are com-
pared with those defined for the second memory area in
order to optimize the programming pulse profile data to be
stored 1n step d). Since preferably programming pulse pro-
files shall be obtained that do not depend on the particular
memory area (or their position or number) but that do
depend on the conductive lines (or theirr number or position
within the respective memory area), the programming pulse
profiles and the corresponding programming pulse profile
data should be individual with regard to the conductive lines
but should be uniform for all memory areas. Thereby, a
comparatively small number of individual programming
pulse profiles 1s suflicient for reliably programming each
memory cell within the memory device. Accordingly, 1n step
d) programming pulse profile data are stored that result from
testwise programming and evaluating of programming
operations performed using the first area (and preferably at
least the second memory). Yet further memory areas may be
programmed testwise in order to more reliability evaluate
systematic influences on programming reliability of the
memory cells connected to the individual conductive lines,
based on a larger number of memory areas programmed
testwise.
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Preferably, programming pulses having the individual
programming pulse profiles defined upon programming the
memory cells of the first memory area are used for pro-
gramming of the second memory area. Accordingly, the
improved programming pulse profiles obtained by testwise
programming of the first memory area are used for testwise
programming the memory cells of the second memory area.
By evaluating the test results obtained from programming
the second memory area, the programming pulse profiles to
be stored may be improved further.

Alternatively, the programming pulses having a uniform
programming pulse profile used when programming the first
memory area are also used when programming the memory
cells of the second memory area. Thereby the comparison
with those test results achieved for the first memory area 1s
casier.

Preferably, the method according to embodiments of the
invention further comprises the steps of:

¢) commonly erasing all memory cells of the first memory
area;

) sequentially programming all memory cells of the first
memory area using programming pulses having individual
programming pulse profiles generated in accordance with
programming pulse profile data stored 1n step d), the pro-
gramming pulse profiles depending on the evaluated number
of memory cells that have actually been programmed 1n step
a), the mdividual programming pulse profiles thus being
associated with the respective conductive line to which the
respective memory cells are connected;

g) evaluating for each conductive line of the first memory
area the number of memory cells that have actually been
programmed 1n step 1);

h) defining for each conductive line of the first memory
area new 1ndividual programming pulse profiles, the new
individual programming pulse profiles depending on the
number of memory cells connected to the respective con-
ductive line which memory cells have been programmed 1n
step 1); and

1) storing programming pulse profile data associated with
the new programming pulse profiles defined, the stored
programming pulse profile data serving to generate pro-
gramming pulses having programming pulse profiles that
depend on positions of the conductive lines within a memory
area.

According to this embodiment, the first memory area 1s
programmed twice (at least) and the individual program-
ming pulse profiles obtained by testwise programming the
first memory area for the first time are used for repeatedly
programming the first memory area in step ). Since the
individual programming pulse profiles have been defined 1n
accordance with the evaluated number of memory cells
actually programmed 1n step a), the individual programming
pulse profiles are optimized such that they should enable
reliable programming of all memory cells of the first
memory area. When applying these individual programming
pulse profiles in step 1) and evaluating once again the
number of memory cells actually programmed per conduc-
tive line, the result should be that all memory cells of the first
memory area have now been programmed. In case that there
are memory cells not yet programmed 1n step 1), further
modification of at least some of the individual programming
pulse profiles 1s advisable. Finally, after an arbitrary number
of 1terations of repeatedly (at least once) programming the
memory cells of the first memory area, 1n step ¢) the final
programming pulse profile data allowing to generate opti-
mized programming pulse profiles are stored. Optionally, the
final programming pulse profiles may be used for testwise
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programming memory cells of further memory areas before
operating the memory device in normal mode (other than
test mode) and using the programming pulse profile data
stored each time when any memory cell 1s to be programmed
in normal mode operation.

According to an exemplary embodiment, defining of the
individual programming pulse profiles includes defining
individual programming pulse profiles for those conductive
lines that are disposed close to edges of the first memory
area (or of any other memory area), these mdividual pulse
profiles being different from those defined for conductive
lines disposed more distant from edges of the first memory
arca (or of any other memory area). According to this
embodiment, those conductive lines surrounded by an
arrangement of microelectronic structures different from the
arrangement surrounding other conductive lines receive
programming pulses of different programming pulse pro-
files. However, to each conductive line of a memory area a
programming pulse profile being individual for the respec-
tive conductive line 1s assigned.

BRIEF DESCRIPTION OF THE DRAWINGS

The mvention herein below 1s described with reference to
the accompanying figures.

FIG. 1 1s a schematical top view of a memory device
according to the mvention;

FIG. 2 1s a cross-sectional view of a memory cell of the
memory device of FIG. 1;

FIG. 3 1s a schematical diagram of the distribution of
threshold voltages for the memory cells of a conventional
memory device belfore and after programming;

FIG. 4 1s a schematical wiring diagram of a memory area
according to an embodiment of the invention;

FIG. 5 1s a schematical diagram of programming pulse
profiles 1n case of pulse width variation according to one
embodiment;

FIG. 6 1s a schematical diagram of programming pulse
profiles in case of programming voltage variation according,
to a further embodiment;

FIG. 7 1s a tabulated list of programming pulse profile
data 1n case of pulse length variation according to the
embodiment of FIG. 5;

FIG. 8 1s a tabulated list of programming pulse profile
data 1n case of programming voltage variation according to
the embodiment of FIG. 6; and

FIG. 9 1s a schematical diagram of the process flow of a
method according to the mnvention.

The following list of reference symbols can be used in
conjunction with the figures:

1 memory device

2 IMEImory array

3: 3a conductive line

3 first conductive line

3" second conductive line
4 memory cell

S IMeImory area

5 first memory area

5" second memory area

edge of memory area
source/drain region

sector

bottom dielectric layer
charge-trapping layer

top dielectric layer
charge-trapping layer stack
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-continued
15 pulse profile data storage
16 wordline
20 substrate
Bl first bit
B2 second bit
D programming pulse profile data
I; II threshold voltage distribution
L; L pulse width
LO uniform pulse width
| position of conductive line
P programming pulse
PO uniform programming pulse
PP; PP programming pulse profile
PPO uniform programming pulse profile
t time
V voltage
VO uniform programming voltage
VP; VP programming voltage
Vit threshold voltage
VWL wordline potential

T

DETAILED DESCRIPTION OF ILLUSTRATIV.
EMBODIMENTS

FIG. 1 illustrates a top view of a memory device 1
according to embodiments of the present invention. The
memory device 1 comprises a memory array 2, which
comprises a plurality of non-volatile memory cells. The
memory cells are connected to conductive lines 3 which, for
instance, may be bitlines. The memory array 2 preferably 1s
a flash memory array comprising NROM memory cells or
another kind of non-volatile memory cells. In case of a flash
memory, the memory array 2 may be subdivided into plural
sectors 10 comprising memory cells that can only be erased
simultaneously within a particular sector. Accordingly, any
memory cell within a sector 1s erased simultaneously with
all other memory cells of the same sector 10.

Irrespective of whether the memory array 2 1s subdivided
in sectors 10 or 1s not, the memory array 2 in any case
comprises a plurality of memory arcas 5 that each are
equally-sized and each comprise the same number of con-
ductive lines 3 and the same number of memory cells
connected to the conductive lines 3. The layout and the
design of the memory areas 5 are corresponding to one
another. The memory device 1 comprises a first memory
area ', a second memory area 3" and further memory areas.
In each memory area 5 the conductive lines 3 are arranged
in like manner and the respective positions of the conductive
lines 3 within the memory areas 3 are identical (or at least
mirror-inversed relative to one another). In particular, the
arrangement of microelectronic structures surrounding the
respective conductive line 3 are the same in all memory
areas 5. Accordingly, 1n all memory areas 3 the positions of
the conductive lines 3 may be enumerated likewise. For
instance, in each memory area N conductive lines 3 are
provided having positions n denoted with 1, 2, . . ., N. For
instance, a first and an ultimate conductive line 3a 1n each
memory area S are disposed close to edges 3a of the
respective memory area 3. At the edges 5a, systematic
influences due to the layout of the memory array 2 involve
slightly different values of the threshold voltage, that 1s the
minimum voltage at which the respective memory cell
(connected to the respective first or ultimate conductive line
3a) 1s programmed. Accordingly, any programming voltage
for programming memory cells connected to these conduc-
tive lines 3a must be larger than the threshold voltage, which
may be different from the threshold voltage of memory cells
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connected to those conductive lines 3 arranged more distant
from the edges 5a of the respective memory area 5.

There are further systematic influences on the threshold
voltages of the memory cell, like lithographic misalignments
during manufacturing of the memory device 1 or other
design variations which are, at least 1n part, identical for all
memory areas 5 of the memory array 2. Accordingly, if a
programming operation 1s performed, the required program-
ming voltage and/or programming pulse width may be
different for each memory cell of a memory area. According
to embodiments of the invention, the variation of the thresh-
old voltage at least partially 1s compensated by application
of idividual programming pulses applied. In particular,
according to embodiments of the invention i each memory
area S programming pulses having programming pulse pro-
files individual for each conductive line 3 are applied 1n case
that memory cells are to be programmed. Thereby system-
atic influences of the chip layout are compensated. The
compensating programming pulse profiles are individual for
cach conductive line 3 within a memory areca 5 but are
common to all memory areas (since they are systematic).
According to embodiments of the invention, the memory
device 1 comprises a pulse profile data storage 15 1n which
programming pulse profile data D are storable or stored.

FIG. 2 1s a cross-sectional view of a memory cell 4
connected to conductive lines 3 of the memory device of
FIG. 1. In the embodiment of FIG. 2 the memory cell 4 1s
an NROM flash memory cell comprising a charge-trapping
layer stack 14. The charge-trapping layer stack 14 1s dis-
posed between a substrate 20 and a wordline 16 forming the
gate electrode of the memory cell 4. The memory cell 4
comprises two source/drain regions 7, each source/drain
region being connected to a respective conductive line 3.
The conductive lines 3 are illustrated schematically i FIG.
2. The conductive lines 3 preferably are bitlines.

The charge-trapping layer stack 14 1s provided on a
channel region of the substrate 20 1n between both source/
drain regions 7. The charge-trapping layer stack 14 com-
prises a bottom dielectric layer 11 arranged on the substrate
20, a charge-trapping layer 12 (preferably a nitride layer, 1n
particular a silicon nitride layer) disposed on the bottom
dielectric layer 11 as well as a top dielectric layer 13
disposed on the charge-trapping layer 12. The bottom dielec-
tric layer 11 and the top dielectric layer 13 preferably are
oxide layers, i particular silicon oxide layers. When an
inversion channel 1s formed between both source/drain
regions 7, at one lateral end of the charge-trapping layer 12
clectrical charges (electrons and holes) may be scattered
from the channel region through the bottom dielectric layer
11 into the charge-trapping layer 12, depending on the
clectric potentials applied to the wordline 16 and the con-
ductive lines 3. For instance, one of the conductive lines 3
1s set at a constant potential of O V, and the wordline 16 1s
biased with a wordline potential VWL. In order to program
a bit 1n the memory cell 4, a programming pulse P having a
programming voltage VP larger than the threshold voltage
V1t of the memory cell 4 1s supplied via the respective other
conductive line 3. In FIG. 2, for instance, the electric
potentials are 1llustrated for the case of programming a
second bit B2 of a memory cell 4 capable of storing a first
bit B1 and a second bit B2. In case that the potential of a first
conductive line 3'1s 0 V and a programming pulse P having
an appropriate programming voltage VP and an appropriate
pulse width 1s applied to the second conductive line 3", the
second bit B2 1s programmed by scattering electrons 1nto the
right side of the charge-trapping layer 12 in FIG. 2. How
ever, when programming pulses P being uniform for all
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conductive lines 3 and for all memory cells 4 are supplied,
there may be memory cells that are not actually programmed
because the threshold voltage Vt of these respective memory
cells 4 1s increased due to systematic variations in the design
of microelectronic structures surrounding the respective
memory cell or the respective conductive line. For instance,
as apparent from FIG. 1, in each memory area 5 a first and
an ultimate conductive line 3a are arranged along edges 5a
of the respective memory area 5. These outer conductive
lines preferably are biased with programming pulses being
different from programming pulses applied to conductive
lines 3 arranged more distant from the edges 5a of the
memory areas. In general, for each position n of any
conductive line 3 within a memory area 5 an individual
programming pulse profile 1s defined and stored in the
programming pulse profile data storage 15.

FIG. 3 illustrates the distribution of threshold voltages Vt
for the memory cells of a conventional memory device
before and after programming. On the horizontal axis the
numerical values of the threshold voltage Vt (in Volts V) are
denoted. On the vertical axis the number of memory cells
having a particular magnitude of the threshold voltage Vt 1s
illustrated. The function I illustrates the threshold voltage
distribution before programming, that 1s the threshold volt-
age distribution of or non-programmed erased memory cells.
The second function II illustrates the threshold voltage
distribution after programming. According to the function I,
the threshold voltage Vt 1s not uniform for all memory cells.
Instead, the magnitude of the threshold voltage Vt 1s difler-
ent for the plural memory cells due to systematic and
statistical intluences.

After programming ol the memory cells, the threshold
voltage Vt 1s increased as apparent from the function II
shifted to the right side 1n FIG. 3 compared to the function
I 1n FIG. 3. More important, the width of the distribution of
threshold voltages Vt after programming (function II) 1s
larger compared to the distribution before programming
(function I). The increased standard deviation of the distri-
bution of threshold voltages renders 1t diflicult to reliably
program all memory cells by means of a programming
voltage chosen slightly larger than the average threshold
voltage. However, due to systematic design influences, there
are some conductive lines requiring increased (or decreased)
programming voltages 1n case that any memory cell con-
nected to the respective conductive line 1s to be pro-
grammed. Accordingly, the distribution of the magnitude of
threshold voltages Vt for memory cells connected to a
particular conductive line may be different from the function
II in FIG. 3.

It 1s an 1dea of the present invention to compensate, for
cach conductive line, the systematic influences by providing
programming pulses that are individual for the respective
conductive line, thereby compensating the increased width
of the function II in FIG. 3.

FIG. 4 1illustrates a schematical wiring diagram of a
memory area 5 of a memory device according to embodi-
ments of the invention. In the embodiment of FIG. 4, the
memory area 5 comprises a plurality of conductive lines 3,
which preferably are bitlines and further comprises a plu-
rality of wordlines 16. A plurality of memory cells 4 (which
may be constructed and illustrated 1n FIG. 2, for instance) 1s
connected to the conductive lines 3 (bitlines) and to the
wordlines 16. In the particular embodiment of FIG. 4, each
memory cell 1s connected to two respective conductive lines
3', 3". Accordingly, the memory cells 4 are twin-flash cells
capable of storing two respective bits, at minimum. Accord-
ingly, when a respective wordline 16 1s biased with a
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wordline potential of appropriate magnitude and a program-
ming pulse 1s applied to one of the conductive lines 3', 3" to
which the memory cell 4 1s connected, one bit 1s pro-
grammed 1n the respective memory cell.

In a conventional memory device, for programming of
any ol the memory cells 4, a programming pulse having a
predefined unmiform programming pulse profile 1s applied.
The programming pulse has a predefined, uniform program-
ming voltage and a predefined, uniform pulse width 1ndi-
cating the duration of application of the programming volt-
age to the respective conductive line. However, 1f the
threshold voltage of the particular memory cell 1s larger than
the programming voltage of the programming pulse, for
instance, this particular memory cell 1s not programmed at
once. At least, repeated application of the uniform program-
ming pulse may be required, thereby drastically reducing the
performance of programming operations. Alternative prior
art techniques use systemically increasing the programming
pulse voltage or the programming pulse duration when a
plural pulse 1s applied sequentially to one and the same
memory cell to be programmed. Due to this technique of
“stepping”, some memory cells recerve more than one
programming pulse applied since these memory cells have
not actually been programmed by application of the first
programming pulse.

According to the invention, however, only one program-
ming pulse needs to be applied to each memory cell, which
programming pulse has a programming pulse profile chosen
such that a reliable programming of any memory cell
connected to the respective conductive line 1s achieved.

FIG. § illustrates a first embodiment of individually
choosing the programming pulse profile of programming
pulses to be applied for programming memory cells. Con-
ventionally, a uniform programming pulse having a stan-
dardized, uniform programming voltage V0 and a standard,
uniform programming pulse width 1s applied. According to
this embodiment of the invention, however, programming,
pulses P of varying, individually chosen pulse widths L, L
are applied to the conductive lines, for each conductive line
a programming pulse P having an individual programming
pulse profile PP, PP'. According to the embodiment of FIG.
5, the programming voltage VP 1s equal for all programming
pulse profiles P and corresponds to the uniform program-
ming voltage V0. However, the pulse width L, L' 1s chosen
individually for each conductive line via which the respec-
tive programming pulse 1s to be supplied to a memory cell
to be programmed. Whereas 1 FIG. 5 only two diflerent
pulse profiles PP, PP' of different pulse widths L, L' are
illustrated, 1t 1s to be noted that actually there are N
individually chosen programming pulse profiles, each pro-
gramming pulse profile corresponding to a respective posi-
tion n (FIG. 1) of the respective conductive line 3 within a
respective memory area 5. These individually chosen pro-
gramming pulse profiles are independent from the particular
memory area 5 in which the conductive lines are arranged.
Thereby systematic influences on the imternal memory array
design are compensated.

FIG. 6 1llustrates an alternative embodiment of individu-
ally varying programming pulse profiles of programming
pulses P to be applied via the conductive lines to the memory
cells. According to FI1G. 6 the pulse width L of the program-
ming pulses 1s chosen uniform and corresponds to a stan-
dardized, uniform pulse width L0. However, the program-
ming voltage 1s chosen individually for each conductive line
position within a memory area. Accordingly, N diflerent
pulse profiles of different programming voltages are to be
applied to the conductive lines of a memory area. In FIG. 6,
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for easier illustration only two programming pulse profiles
PP, PP' are illustrated that have diflerent programming
voltages VP, VP' for compensating different threshold volt-
age magnitudes of the memory cells connected to the
respective conductive line. When a memory cell connected
to a particular conductive line 1s to be programmed by
supplying a programming pulse via the respective conduc-
tive line, the predefined programming pulse profile associ-
ated with this conductive line 1s generated and applied, via
the conductive line, to the memory cell to be programmed.
The programming pulse profile 1s chosen individually for the
conductive line such that each memory cell connected to this
conductive line 1s rehiably programmed by application of
only one (individual) programming pulse.

It 1s to be noted that the embodiments of FIGS. 5 and 6
may be combined with one another, thereby individually
defining the programming voltage VP as well as the pulse
width L of the programming pulse profiles attributed to each
conductive line within a memory area. Furthermore, 1t 1s to
be noted that alternative ways of individually shaping the
programming pulse profiles may be chosen. However,
according to the mvention to each position of a conductive
line within a memory area one respective programming
pulse profile 1s associated. The memory device generates a
corresponding programming pulse each time when a
memory cell connected to the respective conductive line 1s
to be programmed.

For generating individual programming pulse profiles,
programming pulse profile data are stored in the memory
device. The programming pulse profile data may indicate,
for instance, the individually defined programming voltages
and pulse widths of the stored programming pulse profiles.

FIG. 7 1llustrates a tabular list of programming pulse
profile data D associated with the positions n of conductive
lines 3 (FIG. 1) within a memory area. For each position n
a respective programming pulse profile PP 1s defined by the
corresponding programming voltage VP and the correspond-
ing pulse width L. In the tabular list of FIG. 7, the program-
ming voltage VP corresponds to a standard uniform pro-
gramming voltage V0 for each of the N conductive lines
within a memory area. Accordingly, the programming volt-
age 1s constant for all memory cells to be programmed.
However, the pulse width L 1s varying for each position n of
the respective conductive line transmitting the programming
pulse to the memory cell to be programmed. In particular,
the numerical value of the individual pulse width L divided
by a standardized uniform pulse width L0 i1s defined indi-
vidually for each conductive line position. For instance, for
the first and third conductive line within a memory area the
pulse width 1s increased whereas for the second and the
ultimate conductive line of the memory area the pulse width
1s decreased. These pulse widths are chosen such that all
memory cells within an arbitrary memory area are reliably
programmed by application of only one single (individually
designed) programming pulse. The programming pulse pro-
file PP i1dentified by the individually chosen programming
voltages VP and pulse widths L are represented by program-
ming pulse profile data D that are storable or stored in a
programming pulse profile data storage 15 (FIG. 1) of the
memory device 1, for instance.

FIG. 8 1llustrates an alternative embodiment of individu-
ally defining programming pulse profiles according to an
embodiment of the invention. According to FIG. 8, the pulse
width L of programming pulses 1s 1dentical for all conduc-
tive lines 1rrespective of their position n within the respec-
tive memory area 5 (FIG. 1). However, according to this
embodiment, the programming voltage VP 1s chosen 1ndi-




US 7,342,829 B2

17

vidually for each conductive line position n. For instance the
programming voltage VP for the first, second and ultimate
conductive line 1s chosen larger than a predefined uniform
programming voltage whereas the programming voltage of
the third conductive line 1s smaller than the uniform pro-
gramming voltage V0. It 1s to be stated that programming
voltage variation according to FIGS. 8 and 6 may be
combined with pulse width vaniation of FIGS. 7 and 5 for
individually choosing the respective programming voltage
magnitude as well as the respective pulse width magmtude
for each conductive line position within the memory areas.

FIG. 9 illustrates a schematic view of a process flow
according to an embodiment of the invention. According to
FIG. 9, the memory device 1s provided, the memory device
having a memory array 2 with a plurality of equally designed
memory areas 5, each memory area 5 comprising the same
number of conductive lines 3 and the same number of
memory cells 4 arranged 1n like manner. Accordingly, there
are systematic influences on the threshold voltages (and the
required programming pulse profiles), which are identical
for each memory area. According to the process of FIG. 9,
in a first, arbitrary memory area 5' all memory cells 4 are
subjected to programming pulses in order to sequentially
program these memory cells. Since the memory cells are to
be programmed for the first time, programming pulses
having uniform programming pulse profiles being indepen-
dent from the position n of the conductive lines 3 are applied
to all memory cells 4 of the first memory area. After
applying these programming pulses to the first memory area,
it 1s evaluated for each conductive line 3 of the first memory
area 3' how many memory cells 4 have actually programmed
via the respective conductive line 3. To this end, a sensing
operation 1s performed in order to read out the bits stored 1n
the memory cells of the first memory area. Since the
threshold voltage Vt 1s systematically influenced by design
cllects depending on the position n of the respective con-
ductive line, the number of memory cells actually pro-
grammed with the uniform programming pulse profile may
be different for each individual conductive lines of the
memory area.

Subsequently, depending on the evaluated numbers of
memory cells per conductive line which have actually been
programmed, i1ndividual programming pulse profiles are
defined for each conductive line which reliably enable
programming of any respective memory cell connected to a
respective conductive line via which the individual program-
ming pulse 1s applied. The defined programming pulse
profiles are chosen such that no stepping or other repeated
application of plural programming pulses 1s required.

Finally, programming pulse profile data D associated with
the individual programming pulse profiles PP are stored in
the memory device, for instance 1 a pulse profile data
storage 135 thereof (FIG. 1) or in another memory region
connected to or comprised 1n the memory device. The stored
programming pulse profile data serve to generate program-
ming pulses having the predefined programming pulse pro-
files (being 1individual for the positions n of the conductive
lines 3 within the respective memory area 35) each time when
any memory cell 1s to be programmed (and a programming
pulse 1s to be applied to this memory cell via the respective
conductive line therefore). Optionally, before finally storing
the programming pulse profile data, the individually defined
programming pulse profiles may be used for (erasing and)
repeatedly programming all memory cells of the first
memory area in order to repeatedly optimize of the indi-
vidual programming pulse profiles. Alternatively or 1n addi-
tion thereto, the individually defined programming pulse
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proflles may be used for programming memory cells of at
least one further memory area 5" in order to more reliably
evaluate those memory design influences that are systematic
due to the average layout of the memory areas 5. By
iteratively applying individually defined, optimized pro-
gramming pulse profiles to the memory cells of any memory
area, appropriate {inal programming pulse profiles are evalu-
ated and final programming pulse profile data corresponding
to these final, optimized programming pulse profiles are
stored 1n a non-volatile manner. The programming pulse
profile data thereby enable generation of individual pro-
gramming pulse profiles on-chip within the memory device
1.

By means of programming pulse modulation according to
the invention, any systematic array eflects reducing the
programming performance are compensated.

What i1s claimed 1s:
1. A memory device comprising:

a memory array having at least one memory area, which
comprises a plurality of conductive lines and a plurality
of memory cells coupled to the conductive lines, the
conductive lines being arranged at positions within the
memory area;

wherein the memory cells are erasable and wherein the
memory cells are programmable by application of an
clectrical programming pulse supplied via a respective
conductive line; and

wherein the memory device 1s constructed such that for
programming of a memory cell an electrical program-
ming pulse 1s applied that has a programming pulse
profile depending on the position (n) of a respective
conductive line to which the memory cell 1s connected.

2. The memory device of claim 1, wherein the memory
device for programming a memory cell generates a pro-
gramming pulse having a programming pulse profile that
depends on the position, within the memory area, of a
respective conductive line to which the memory cell 1s
connected.

3. The memory device of claim 1, wherein the memory
array comprises a plurality of equally-sized memory areas,
cach memory area comprising a respective plurality of
conductive lines and a plurality of memory cells connected
to the respective conductive lines, and wherein the conduc-
tive lines of each memory area are arranged at positions that
correspond to positions of the conductive lines of the other
memory areas.

4. The memory device of claim 3, wherein the memory
device for programming a memory cell generates a pro-
gramming pulse having a programming pulse profile that
depends on the position, within the respective memory area,
of a conductive line to which the memory cell 1s connected.

5. The memory device of claim 3, wherein the memory
device attributes programming pulse profile data corre-
sponding to programming pulses having individual pro-
gramming pulse profiles to the conductive lines of the
memory areas, wherein to all conductive lines located at the
same corresponding position in any one of the respective
memory areas the same programming pulse profile data are
attributed.

6. The memory device of claim 1, wherein programming
pulse profile data are stored 1n the memory device.

7. The memory device of claim 1, wherein the memory
device for programming of a respective memory cell gen-
crates a programming pulse having a programming pulse
width depending on the respective programming pulse pro-

file data.
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8. The memory device of claim 7, wherein the memory
device for programming of a respective memory cell gen-
erates a programming pulse of a programming voltage that
1s uniform for all memory cells of the memory array.

9. The memory device of claim 1, wherein the memory
device for programming of a respective memory cell gen-
erates a programming pulse having a programming voltage
depending on the respective programming pulse profile data.

10. The memory device of claim 9, wherein the memory
device for programming of a respective memory cell gen-
erates a programming pulse of a programming pulse width
being uniform for all memory cells of the memory array.

11. The memory device of claim 1, wherein the conduc-
tive lines are bitlines.

12. The memory device of claim 1, wherein the non-
volatile memory cells each comprise a charge-trapping layer
stack disposed between a respective wordline and a respec-
tive active area.

13. The memory device of claim 12, wherein the charge-
trapping layer stack comprises a charge-trapping layer sand-
wiched between a bottom dielectric layer and a top dielectric
layer.

14. The memory device of claim 13, wherein the charge-
trapping layer comprises a silicon nitride layer.

15. The memory device of claim 1, wherein the memory
array comprises a plurality of sectors, each sector compris-
ing a plurality of equally-sized memory areas, the memory
cells of all memory areas of a sector being commonly erased
when erasing memory cells of the respective sector.

16. The memory device of claim 1, wherein the memory
device, for programming ol a memory cell connected to a
conductive line disposed close to an edge of any one of the
memory areas, generates a programming pulse having a
programming pulse profile being different from program-
ming pulse profiles for programming of memory cells con-
nected to conductive lines disposed more distant from the
edges of the memory areas.

17. The memory device of claim 1, wherein each memory
cell 1s connected to a respective first and second conductive
line via which the programming pulses are supplied to the
respective memory cell and wherein each memory cell 1s
capable of storing at least one first bit 1n a first bit position
and at least one second bit 1n a second bit position.

18. The memory device of claim 17, wherein the memory
device 1s configured such that the at least one first bit of a
memory cell 1s programmed by applying the programming
pulse to the memory cell via the first conductive line and that
the at least one second bit of the memory cell 1s programmed
by applying the programming pulse to the memory cell via
the second conductive line.

19. A method of operating a memory device, the method
comprising;

providing a memory array having at least one memory

area that comprises a plurality of conductive lines and
a plurality of memory cells coupled to the conductive
lines; and
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programming at least one memory cell by applying a
programming pulse to a respective conductive line to
which the respective memory cell 1s coupled, wherein
programming of the memory cell includes generating a
programming pulse having a programming pulse pro-
file that depends on a position, within the memory area,
of the conductive line to which the memory cell to be
programmed 1s coupled.

20. The method of claim 19, wherein programming of the
memory cell mcludes generating a programming pulse in
accordance with programming pulse profile data stored 1n
the memory device.

21. The method of claim 20, wherein programming of a
memory cell includes generating a programming pulse that
1s independent of the respective individual memory area 1n
which the conductive line 1s arranged.

22. The method of claim 20, wherein programming of a
memory cell includes generating a programming pulse hav-
ing a pulse width that 1s individual for a conductive line to
which the memory cell to be programmed 1s coupled, the
programming pulse being defined by programming pulse
profile data associated with the position, within the memory
area, o the conductive line.

23. The method of claim 22, wherein programming of the
memory cell includes generating a programming pulse hav-
ing a programming voltage that 1s uniform for all memory
cells of the memory array.

24. The method of claim 20, wherein programming of a
memory cell includes generating a programming pulse hav-
ing a programming voltage that 1s individual for a conduc-
tive line to which the memory cell to be programmed 1s
coupled, the programming pulse being defined by program-
ming pulse profile data associated with a position, within the
memory area, of the conductive line.

25. The method of claim 24, wherein programming of the
memory cell includes generating a programming pulse hav-
ing a programming pulse width that 1s uniform for all
memory cells of the memory array.

26. The method of claim 19, wherein the memory device
1s configured such that each time a memory cell 1s to be
programmed, the memory device generates a respective
clectrical programming pulse having a programming pulse
profile that depends on the position, within the memory area,
of the conductive line to which the respective memory cell
1s coupled.

277. The method of claim 19, wherein the memory cells
comprise source/drain regions coupled to the respective
conductive line, the generated programming pulse being
supplied to the source/drain region of the respective memory
cell to be programmed.
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